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Although seasonal changes in humidity are thought to
exacerbate various skin diseases, whether these flares can
be attributed to prolonged exposure to extremes in
environmental humidities has not been studied systemat-
ically. We recently showed that prolonged exposure to
high versus low humidities induced profound changes in
epidermal structure and permeability barrier homeo-
stasis. Therefore, we asked here whether comparable
extremes in humidity could initiate not only homeostatic,
but also potentially pathophysiologic alterations. We
showed first that exposure to low humidity increases
epidermal DNA synthesis in normal murine epidermis.
Moreover, exposure to a low humidity for 48 h further
amplifies the DNA synthetic response to barrier disrup-
tion, resulting in marked epidermal hyperplasia. Addi-
tionally, exposure to a dry environment for 48 h prior to
barrier disruption results in dermal mast cell hypertrophy,
degranulation, as well as histologic evidence of inflam-
The main function of the skin is to generate the epidermalpermeability barrier at the level of the stratum corneum(SC), which allows life in a terrestrial environment.Acute barrier disruption by organic solvents, detergents,or tape stripping elicits a homeostatic repair response in
the epidermis, which rapidly restores normal barrier function (Elias
and Feingold, 1992). Repeated perturbations of the barrier induce
cutaneous pathology, including epidermal hyperplasia and cutaneous
inflammation (Denda et al, 1996).
Seasonal changes effect the condition of normal skin and may trigger
various cutaneous disorders (Wilkinson and Rycroft, 1992; Sauer and
Hall, 1996). In common dermatoses, such as atopic dermatitis or
psoriasis, a decline in barrier function often parallels increased severity
of clinical symptomatology (Grice, 1980; Pinnagoda et al, 1989). These
conditions all tend to worsen during the winter season, when humidity
is lower (Wilkinson and Rycroft, 1992; Sauer and Hall, 1996). Abundant
indirect evidence suggests that decreased humidity precipitates these
Manuscript received April 21, 1998; revised June 23, 1998; accepted for
publication June 24, 1998.
Reprint requests to: Dr. Mitsuhiro Denda, Shiseido Research Center, 2-12-1
Fukuura, Kanazawa-ku, Yokohama 236-8643, Japan.
Abbreviation: TEWL, transepidermal water loss.
0022-202X/98/$10.50 · Copyright © 1998 by The Society for Investigative Dermatology, Inc.
873
mation. To demonstrate the role of changes in external
moisture on these phenomena, we applied either an
occlusive, water-impermeable plastic membrane,
Petrolatum, or a nonocclusive humectant, both to non-
perturbated and to perturbed skin. All three forms of
treatment prevented the epidermal hyperplasia and
dermal mast cell hypertrophy and degranulation induced
by exposure to low humidity. These studies indicate that
(i) exposure to changes in environmental humidity alone
induces increased keratinocyte proliferation and markers
of inflammation, and (ii) that these changes are attribut-
able to changes in stratum corneum moisture content.
Finally, these studies provide evidence that changes in
environmental humidity contribute to the seasonal
exacerbations/amelioration of cutaneous disorders, such
as atopic dermatitis and psoriasis, diseases which are
characterized by a defective barrier, epidermal hyperpla-
sia, and inflammation. Key words: dry environment/humect-
ant/mast cell occlusion. J Invest Dermatol 111:873–878, 1998
disorders (Rycroft and Smith, 1980), whereas in contrast, increased
skin hydration appears to ameliorate these conditions (Chernosky,
1976; Rawlings et al, 1994). The mechanism(s) by which alterations
in relative humidity might influence cutaneous function and induce
cutaneous pathology are poorly understood. We recently showed that
prolonged exposure of normal murine skin to a dry environment
produced an increase in SC weight and thickness, with a commensurate
reduction in basal transepidermal water loss (TEWL) (Denda et al, 1998).
Yet, whether exposure to a dry environment alone can also induce
pathophysiologic changes is not yet known. In order to determine the
possibility that changes in environmental humidity might initiate and/
or aggravate cutaneous pathophysiology, we examined the effects of
alterations in environmental humidities on epidermal DNA synthesis,
epidermal hyperplasia, and mast cell number and degranulation in both
normal hairless mice and mice with experimentally induced barrier
defects. Our results show first, that changes in environmental humidity
alone can modulate epidermal proliferation; and second, that a low
humidity, when superimposed on a defective barrier, provokes further
pathophysiologic changes. Together, these studies provide strong sup-
port for the hypothesis that seasonal exacerbations/aggravation of
cutaneous dermatoses are attributable to decreased humidity.
MATERIALS AND METHODS
Animals Hairless mice, 7–10 wk old (HR-1, Hoshino, Japan), were used.
Before experiments, animals were caged separately for at least 4 d. These cages
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Table I. DNA synthesis increases in epidermis of hairless mice maintained in a dry environmenta
Normal condition Dry 48 h Humid 48 h
n 5 12 n 5 11 n 5 11
9.0 6 3.4a 19.2 6 5.9 12.0 6 0.8
p 5 0.011
p 5 0.0001
N.S.
Dry 48 h
No treatment 10% Glycerol Occlusion Vaseline
n 5 11 n 5 4 n 5 4 n 5 4
19.0 6 5.9 11.3 6 3.2 10.8 6 1.5 13.8 6 0.8
p 5 0.0072
p 5 0.0047
p 5 0.030
Humid 48 h
No treatment 10% Glycerol Occlusion Vaseline
n 5 11 n 5 4 n 5 4 n 5 4
12.0 6 0.8 12.8 6 2.2 10.5 6 2.6 11.8 6 0.5
N.S.
N.S.
N.S.
aHairless mice were maintained in a dry (,10% relative humidity), humid (.80%), or normal (40–70% relative humidity) environment for 48 h prior to study. In the dry and humid
environments, animals were occluded with an impermeable membrane or treated topically with Vaseline or 10% glycerol for 48 h as described in the Materials and Methods. DNA synthesis
was measured by BRDU incorporation as described in the Materials and Methods. Values are mean 6 SD. n 5 4–12 animals.
were maintained in a room kept at a temperature of 22–26°C and at a relative
humidity of 40%–70%. All experiments were approved by the Animal Research
Committee of the Shiseido Research Center in accordance with the National
Research Council (NRC) Guide (National Research Council, 1996).
Low and high humidity conditions Animals were kept separately in 7.2
litre cages in which the relative humidity was maintained at either ,10% with
dry air or .80% with humid air. The temperature was the same in all cases
(22–26°C), and fresh air was circulated 100 times per hour. Animals were kept
out of the direct stream of air. During the experiments, the animal’s behavior
was not restricted. The weight gain and food intake of both groups were similar
during the course of the study. The level of NH3 was always below 1 p.p.m.
Experimented protocols
Barrier disruption and moisturization The flank skin of mice was treated with
acetone-soaked cotton balls or tape stripping, as described previously (Denda
et al, 1996). Both procedures were terminated when TEWL reached 1.2–
1.8 mg per cm2 per h. Normal TEWL is less than 0.3 mg per cm2 per h. TEWL
were measured with an electrolytic water analyzer (MEECO, Warrington, PA),
as described previously (Denda et al, 1996). To examine the relationship of
humidity-induced alterations in SC moisture content, the flanks of untreated
animals exposed to low humidity were covered with a water-impermeable
plastic wrap (Saran; Dow Chemical, IN), 0.1 g of petrolatum (Sigma, St. Louis,
MO), or 100 µl of 10% glycerol aqueous solution per 6 cm2 of flank skin.
Barrier disruption and exposure to different humidities Animals were assigned to
four groups, and treated as follows: group 1 (dry-acetone-dry) was kept in dry
conditions for 48 h before and for 48 h after acute acetone disruption of the
barrier. Group 2 (humid-acetone-humid) was kept under humid conditions for
48 h both before and after acetone treatment. Group 3 (humid-acetone-dry)
was first kept in humid conditions for 48 h, and then switched to a dry
environment for a subsequent 48 h period after acetone treatment. The fourth
group (dry-acetone-humid) was kept initially in a dry environment for 48 h,
and then under humid conditions for a subsequent 48 h after acetone disruption
of the barrier. In group 1 some animals were also occluded or moisturized for
the final 48 h.
Evaluation of epidermal hyperplasia and mast cells At the end of each
experiment, mice were sacrificed and the skin from the treated versus control
flanks was removed. After fixation with 4% paraformaldehyde, full-thickness
skin samples were embedded in paraffin, sectioned (4 µm), and processed for
hematoxylin and eosin staining. On each section, four areas were selected at
random; the thickness of the epidermis was measured with an optical micrometer,
and the mean value was calculated. Measurements were carried out in an
observer-blinded fashion. To observe dermal mast cells, some sections were
stained with 2% aqueous toluidine blue. The volume of dermis occupied by
mast cells was quantitated planimetrically from photographs of randomly
obtained sections at a constant magnification, using computer software (NIH
Image). For each section, the mean size of mast cells was quantitated and this
average was used for statistical evaluation of that section.
Assessment of DNA synthesis Before the end of some experiments, 20 µl
per g body weight bromodeoxyuridine (BrdU) 10 mM solution was injected
intraperitoneally. One hour later, mice were killed and skin specimens were
removed from treated versus control flanks. After fixation with 4% paraformal-
dehyde, specimens were embedded in paraffin and immunostained with anti-
BrdU antibodies. On each section, four areas were selected at random; the
number of immunostained cells per 0.4 mm of epidermis was counted using
an optical micrometer, and the mean value was calculated. Evaluation processes
were carried out in an observer-blinded fashion.
Statistics Data are presented as mean 6 SD or mean 6 SEM. Statistical
significance between two groups was calculated by a two-tailed Student’s t test
(Fig 5). In the case of three or more groups (Table I, Figs 2, 3, 7, and 9),
differences were determined by ANOVA test and p values were calculated by
Fisher’s protected least significant difference (Fisher’s PLSD).
RESULTS
We first studied the DNA synthetic rates of normal animals maintained
in dry (relative humidity ,10%) versus humid (relative humidity .80%)
versus control (relative humidity 40%–70%) conditions. As shown in
Table I, epidermal DNA synthesis increased significantly under dry
conditions in comparison with animals maintained in either the control
or the humid environments. We next ascertained whether this increase
could be attributed to a decrease in SC moisture content, using three
unrelated methods. As seen in Table I, the increase in DNA synthesis
was prevented by either petrolatum treatment, occlusion, or humectant
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Figure 1. Epidermal hyperplasia is induced by barrier disruption in
animals maintained in a dry environment. The barrier was disrupted by
topical treatment with acetone until TEWL 5 1.2–1.8 mg per cm2 per h. The
first group was kept in dry conditions for 48 h before and for 48 h after acute
acetone disruption of the barrier (A). The second group was kept in humid
conditions for 48 h both before and after acetone treatment (B). The third
group was first kept in humid conditions for 48 h, and then switched to a dry
environment for a subsequent 48 h period after acetone treatment (C). The
fourth group was kept initially in a dry environment for 48 h, and then in
humid conditions for a subsequent 48 h after acetone disruption of the barrier
(D). Control animals were untouched and were kept in a normal humidity
environment (E). Skin samples were stained with hematoxylin and eosin.
Scale bars: 30 µm.
Figure 2. The thickness of the epidermis is increased after barrier
disruption in animals maintained in a dry environment. The treatment
and groups are identical to Fig 1. Results are presented as mean 6 SD.
n 5 4–12, *p , 0.05, ***p , 0.001, p values were calculated by Fisher’s PLSD.
application. In contrast, exposure to high humidity did not significantly
alter epidermal DNA synthesis in comparison with controls (Table I).
Despite the increase in epidermal DNA synthesis in animals maintained
in a dry environment, epidermal thickness did not differ in animals
exposed to a dry versus a humid environment (data not shown). Finally,
no differences in dermal mast cells were noted between animals
maintained in a dry versus a humid environment. These studies show
Figure 3. A dry environment amplifies the increase in DNA synthesis
following barrier disruption. The treatment and groups are identical to
Fig 1. DNA synthesis was measured at the indicated times by BrdU incorporation
as described in the Materials and Methods. Results are presented as mean 6 SD.
n 5 4–12, *p , 0.05, ** p , 0.01, *** p , 0.001, p values were
calculated by Fisher’s PLSD. D-A-D, dry environment, acetone treatment,
dry environment; H-A-H, humid environment, acetone treatment, humid
environment; H-A-D, humid environment, acetone treatment, dry
environment; D-A-H, dry environment, acetone treatment, humid
environment.
that epidermal DNA synthesis increases with exposure of normal skin
to a dry environment, and that this increase is attributable to a decrease
in SC moisture content.
We next determined whether exposure to a dry environment
contributes to the pathogenesis of disorders associated with a
disturbed barrier, assessing the effects of external humidity in animals
whose permeability barrier was disrupted by acetone treatment.
Figure 1(A)–(E) shows the histology of flank skin at the end of
the experiments in the four different groups versus control; untreated
animals maintained in normal humidity (Fig 1E). Skin samples from
the dry-acetone-dry group (group 1) showed prominent epidermal
hyperplasia (Fig 1A). The other groups, i.e., humid-acetone-humid
(group 2), humid-acetone-dry (group 3), and dry-acetone-humid
(group 4), showed modest hyperplasia in comparison with controls
(Fig 1B–D versus 1E). When these histologic changes were
quantitated, regardless of the humidity conditions, disruption of the
barrier resulted in a thicker epidermis than in untreated controls
(Fig 2). But the epidermis was significantly thicker in the dry-
acetone-dry group than in the other three groups whose barrier
was disrupted (Fig 2). We next examined the time course of the
assessed changes in DNA synthesis in each of the four groups. As
shown in Fig 3, 16 h after acetone treatment, epidermal DNA
synthesis increased to more than three times the normal level in
the dry-acetone-dry group, continuing to increase up to 48 h after
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Figure 4. DNA synthesis is limited to the epidermal basal layer. Anti-
BrdU antibody immunostained skin sections from (A) dry-acetone-dry animal
48 h after acetone treatment, and (B) humid-acetone-humid animal 48 h after
acetone treatment. Scale bars: 30 µm.
acetone treatment, the last time point examined. In contrast, the
humid-acetone-humid group showed a transient, smaller increase in
DNA synthesis, which was not sustained beyond 24 h (Fig 3A).
The results of humid-acetone-dry and dry-acetone-humid are
presented in Fig 3(B). The dry-acetone-humid group showed an
increase of epidermal DNA synthesis 16 h after acetone treatment,
which began to recover over the subsequent 8 h. Epidermal DNA
synthesis in the humid-acetone-dry group animals peaked 24 h after
acetone treatment, and then rapidly returned towards normal levels.
Furthermore, using anti-BrdU immunostained sections of the skin
48 h after acetone treatment in the dry-acetone-dry and humid-
acetone-humid groups, we showed that the changes in DNA
synthesis were restricted to the epidermal basal layer (Fig 4).
Next, we assessed whether these changes were due to low humidity
superimposed on acute barrier abrogation per se versus an unrelated
reaction secondary to acetone treatment, using an alternate method
for disruption, i.e., tape stripping. The same levels of barrier disruption
and time course were employed as in the acetone experiments. As
shown in Fig 5, the skin from the dry-tape stripped-dry group
(comparable with group 1) had increased epidermal thickness compared
with skin from the humid-tape stripped-humid group. These results
demonstrate (i) that epidermal hyperplasia is most pronounced when
animals with a disrupted barrier are maintained under low humidity
conditions; (ii) that exposure to a dry environment accentuates the
hyperplastic response to acute barrier disruption, independent of the
method of barrier disruption; and (iii) that the epidermal hyperplasia,
induced by low humidity superimposed on acetone treatment, can be
attributed to an increase in cell division limited to the basal layer of
the epidermis.
We next examined whether the effect of a low external humidity
Figure 5. Thickness of the epidermis is increased after barrier disruption
by tape stripping in animals maintained in a dry environment. The
barrier was disrupted by repeated tape stripping until TEWL 5 1.2–1.8 mg per
cm2 per h. The dry group was kept in a dry environment for 48 h prior to
and for 48 h after acute disruption of the barrier, whereas the humid group
was kept in a humid environment for 48 h prior to and after barrier disruption.
Results are presented as mean 6 SD. n 5 8 (dry) and 4 (humid), **p , 0.01,
p value was calculated by Student’s t test.
Figure 6. Humidity prevents the epidermal hyperplasia induced by
barrier disruption in animals maintained in a dry environment. The
barrier was disrupted by topical treatment with acetone until TEWL 5
1.2–1.8 mg per cm2 per h. Animals were maintained in a dry environment for
48 h prior to barrier disruption. (A) Occluded with impermeable plastic
membrane for 48 h following barrier disruption; (B) treated daily with Vaseline
for 48 h following barrier disruption; (C) treated daily with 10% glycerol
solution for 48 h following barrier disruption; (D) maintained in a dry
environment for 48 h following barrier disruption. Skin samples were stained
with hematoxylin and eosin. Scale bars: 30 µm.
on the development of epidermal hyperplasia is attributable to a
decrease in SC moisture content. Dry-acetone-dry animals were either
(i) occluded with a vapor-impermeable plastic [Saran(R)] membrane;
(ii) treated with repeated topical petrolatum applications, or (iii) treated
with a nonocclusive humectant; i.e., 10% aqueous glycerol solution.
Once again, epidermal hyperplasia was observed in nonoccluded, dry-
acetone-dry skin (Fig 6D, cf. Fig 1A). As seen in Fig 6(A), and as in
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Figure 7. Humidity prevents the epidermal hyperplasia induced by
barrier disruption in animals maintained in a dry environment. The
treatment and groups are identical to Fig 6. Controls were untouched animals
kept in normal humidity environment. Results are presented as mean 6 SD.
n 5 4–12, ***p , 0.001, p values were calculated by Fisher’s PLSD.
normal skin (cf. Table I), the development of hyperplasia is prevented
by application of a water-impermeable membrane for the final 48 h.
Moreover, petrolatum treatment also inhibited the development of
epidermal hyperplasia (Fig 6B). Finally, not only occlusive methods,
but also moisturization alone, with a glycerol solution, prevents the
development of epidermal hyperplasia (Fig 6C). The quantitative
results from this experiment are shown in Fig 7. The degree of
hyperplasia in the occlusion/moisturizer treatment groups is very similar
to that observed in animals maintained in a humid environment (cf.
Fig 2). These results show that increasing SC moisture content,
whether by occlusion or by humectant treatment, prevents/reverses
the development of epidermal hyperplasia.
We next asked whether exposure to a low humidity evokes an
inflammatory response. For these studies we chose a parameter that
could be assessed quantitatively; i.e., mast cell size and degranulation.
Figure 8(A) shows hypertrophic mast cells in the dermis of animals
maintained in a dry environment prior to barrier disruption. Moreover,
the dermis of dry-acetone-dry animals displays numerous degranulated
mast cells (arrows), which did not occur in either the control or the
humid-exposed groups (Fig 8B). We next quantitated dermal mast
cell area (Fig 9). The average area of mast cells in dry-acetone-dry
animals (Fig 9, A) was greater than in the humid-acetone-humid
group (Fig 9, B). The hypertrophy of mast cells in dry-acetone-dry
animals was prevented by petrolatum treatment (Fig 9, C), occlusion
with water-vapor impermeable membrane (Fig 9, D), and application
of 10% glycerol solution (Fig 9, E). These results show that exposure
to a dry environment superimposed on acute barrier disruption induces
alterations in dermal mast cells, a marker of dermal inflammation.
DISCUSSION
Considerable evidence suggests that low humidity may contribute to
the seasonal exacerbations of a variety of cutaneous dermatoses
(Wilkinson and Rycroft, 1992; Sauer and Hall, 1996). In this study
we directly addressed the potential mechanisms by which changes in
humidity might trigger/exacerbate dermatoses. We showed first that
intact epidermis exposed to a dry environment for 48 h develops
increased epidermal DNA synthesis in comparison with animals main-
tained in a normal humidity or moist environment. Epidermal hyperpla-
sia is not observed despite an increase in epidermal cell proliferation
in animals maintained in a dry environment, perhaps because the dry
environment also accelerates SC desquamation (Sato et al, 1998). At
this time it is unclear whether the increase in desquamation stimulates
epidermal DNA synthesis, whether the increase in DNA synthesis
stimulates desquamation, or whether both processes are stimulated
simultaneously by low humidity. Despite the increase in desquamation,
Figure 8. Dermal mast cell hyperplasia and degranulation occurs in
animals kept in a dry environment before and after disruption of the
barrier. The barrier was disrupted by topical acetone treatment until TEWL 5
1.2–1.8 mg per cm2 per h. (A) Dry environment for 48 h before and after
barrier disruption; (B) humid environment for 48 h before and after barrier
disruption. Skin specimens were stained with 2% aqueous toluidine blue.
Scale bars: 10 µm.
Figure 9. Humidity prevents mast cell hypertrophy induced by barrier
disruption in animals maintained in a dry environment. The barrier was
disrupted by topical acetone treatment until TEWL 5 1.2–1.8 mg per cm2
per h. (A) Dry condition for 48 h before and after barrier disruption; (B) humid
condition for 48 h before and after barrier disruption; (C) dry condition for
48 h before and after barrier disruption, daily Vaseline treatment for 48 h after
barrier disruption; (D) dry condition for 48 h before and after barrier disruption,
occlusion with impermeable membrane for 48 h after barrier disruption; (E) dry
environment for 48 h before and after barrier disruption. Daily 10% glycerol
treatment for 48 h after barrier disruption. Results are presented as mean 6 SD.
n 5 4 each, **p , 0.01, ***p , 0.001, p values were calculated by
Fisher’s PLSD.
previous studies by our laboratory have shown that animals maintained
in a dry environment for 2 wk also display increased SC weight and
thickness in association with a reduction in TEWL (Denda et al, 1998).
Thus, exposure of normal skin to a low humidity environment induces
a number of changes in the epidermis, including increased DNA
synthesis. It is possible that these changes represent a homeostatic
response to protect the animal from excessive TEWL in a dry
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environment. And a longer period of exposure (e.g., 2 wk) to low
humidity might induce the response such as the increase of SC thickness
more obviously than the case of shorter exposure (e.g., 48 h). An
increase in DNA synthesis could provide additional keratinocytes,
eventually forming a thicker, more competent SC and thereby main-
taining water movement at normal levels. Thus, changes in the rates
of water movement are likely to be important but the precise signals
that mediate these homeostatic changes remain to be defined. Occlusion
with a vapor impermeable membrane or Vaseline, or treatment with a
humectant, prevents these responses to a dry environment, suggesting
that humidity is a key variable.
We also demonstrate in this paper that barrier disruption induces
epidermal hyperplasia in animals maintained in a dry environment both
before and after barrier disruption. The extent of the increase in
epidermal DNA synthesis that characteristically follows acute barrier
disruption is markedly enhanced by exposure to the dry environment.
In contrast, animals maintained in a humid environment display an
increase in epidermal DNA synthesis of ‘‘normal’’ magnitude following
barrier disruption, and they do not develop epidermal hyperplasia.
Similarly, we also observed increased mast cell area in the dermis as
well as mast cell degranulation after barrier disruption in animals
maintained in a dry environment. Thus, both epidermal hyperplasia
and activation of mast cells may be induced following barrier disruption
in conjunction with low humidity conditions. These findings provide
a basis for the well-established observation that patients with atopic
dermatitis or psoriasis typically worsen in winter (Wilkins and Rycroft,
1992; Sauer and Hall, 1996) and/or that a dry environment produced
by air conditioners or central heat also can induce or worsen dermatitis
(Rycroft and Smith, 1980).
Occlusion with water impermeable membranes and the application
of humectants are well known to ameliorate environmentally induced
dermatoses (Fry et al, 1970; Chernosky, 1976; Rawlings et al, 1994);
however, the mechanism by which these treatments modify the
development of skin disease is not clear. This study demonstrates that
moisturization alone suffices to explain the ability of occlusive or
humectant therapies to improve skin pathology. The hyperplastic
response to acute barrier disruption, mast cell hypertrophy, and mast
cell degranulation in animals maintained in a dry environment is almost
totally prevented by occlusion either with a water vapor impermeable
membrane or with Vaseline treatment. Additionally, treatment with a
nonocclusive humectant also almost totally prevented the hyperplastic
and mast cell responses. These results provide a potential mechanism
by which these treatments may be beneficial in skin diseases. Moreover,
these data indicate that the hyperplastic response is related to humidity,
because even nonocclusive, topical humectants are effective. Wood
et al demonstrated that occlusion with a water impermeable membrane
decreased the size of the IL-1α pool (Wood et al, 1996). Epidermal
cytokines, such as IL-1α, might play an important role in the signaling
system between environmental factors and epidermal proliferation.
In conclusion, exposure of intact murine skin to low humidity
induces epidermal DNA synthesis, and the skin becomes still more
sensitive to barrier abrogation, demonstrating both epidermal hyper-
plasia and alterations in mast cells. These changes can be prevented by
either occlusion or application of humectants, demonstrating the
importance of humidity. The exacerbation of many cutaneous
dermatoses characterized by a defective barrier by low humidity
environment may result from this cutaneous response to decreased
humidity.
We gratefully appreciate the contribution of Atsushi Kidachi and Masato Kuramoto on
the dry and humid environment system and the technical advice provided by Yutaka
Ashida and Dr. Junichi Hosoi.
REFERENCES
Chernosky ME: Clinical aspects of dry skin. J Soc Cosmet Chem 27:365–376, 1976
Denda M, Wood LC, Emami S, Calhoun C, Brown BE, Elias PM, Feingold KR: The
epidermal hyperplasia associated with repeated barrier disruption by acetone treatment
or tape stripping cannot be attributed to increased water loss. Arch Dermatol Res
288:230–238, 1996
Denda M, Sato J, Masuda Y, Tsuchiya T, Koyama J: Kuramoto M, Elias PM, Feingold
KR, Exposure to a dry environment enhances epidermal permeability barrier
function. J Invest Dermatol 111, 1998, in press
Elias PM, Feingold KR: Lipids and the epidermal water barrier: metabolism, regulation,
and pathophysiology. Semin Dermatol 11:176–182, 1992
Fry L, Almeyda J, McMinn RMH: Effect of plastic occlusive dressing on psoriatic
epidermis. Br J Dermatol 82:458–462, 1970
Grice KA: Transepidermal water loss in pathologic skin. In: Jarret A (eds). The Physiology
and Pathophysiology of the Skin. London: Academic Press, 1980, pp. 2147–2155
National Research Council: Guide for the Care and Use of Laboratory Animals, 7th edn.
Washington DC, National Academic Press, 1996
Pinnagoda J, Tupker RA, Coenraad PJ, Natar JP: Prediction of susceptibility to an irritant
response by transepidermal water loss. Contact Dermatitis 20:341–346, 1989
Rawlings AV, Scott IR, Harding CR, Bowset PA: Stratum corneum moisturization at the
molecular level. J Invest Dermatol 103:731–740, 1994
Rycroft RJG, Smith WDL: Low humidity occupational dermatoses. Contact Dermatitis
6:488–492, 1980
Sato J, Denda M, Nakanish J, Koyama J: Dry conditions affects desquamation of stratum
corneum in vivo. J Derm Sci, 1998, in press
Sauer GC, Hall JC: Seasonal skin diseases. In: Sauer GC, Hall JC (eds). Manual of Skin
Diseases. Philadelphia: Lippincott-Raven, 1996, pp. 23–28
Wilkinson JD, Rycroft RJ. Contact dermatitis. In: Champion relative humidity, Burton
JL, Ebling FJG (eds). Text Book of Dermatology, 5th edn. Oxford: Blackwell Scientific
Publications, 1992, pp. 614–615
Wood LC, Elias PM, Calhoun C, Tsai JC, Grunfeld C, Feingold KR: Barrier disruption
stimulates Interleukin-1α expression and release from a pre-formed pool in murine
epidermis. J Invest Dermatol 106:397–403, 1996
